Objective: We studied the risk of dementia in patients with primary Sj€ ogren's syndrome (pSS) using a nationwide, population-based cohort in Taiwan. Methods: Our study analyzed the medical data of the Taiwanese population from 2000 to 2014. We identified 17,072 patients with pSS and 68,270 controls. Dementia risk was analyzed using a Cox proportional hazards regression model stratified by sex, age, and comorbidities. Results: A higher incidence of dementia development in the pSS group during the observation period (P = 0.0001). In multivariate analysis adjusted by age groups, gender, and the comorbidities, the adjusted hazard ratio (aHR) of developing dementia was 1.246 (95% CI 1.123-1.384) times greater in the pSS group than in the non-pSS group. When stratified by sex, age, and comorbidities, the patients with pSS less than 60 years (aHR 1.67, 95% CI 1.16-2.41), and without any comorbidity (aHR 2.27, 95% CI 1.76-2.93) were particularly associated with a higher risk of dementia. Furthermore, the patients with pSS combined with any other comorbidity had an additionally higher risk of dementia (aHR: 3.978,, also suggesting that pSS was an independent risk factor for the development of dementia. Interpretation: Primary Sjogren's syndrome is associated with increased dementia risk and further study is needed to understand why and what the specific dementia phenotypes are.
Introduction
Sj€ ogren's syndrome is one of the most prevalent autoimmune diseases. It is a slowly progressive inflammatory disease affecting the exocrine glands and the extraglandular organs. Primary Sj€ ogren's syndrome (pSS) is defined as Sj€ ogren's syndrome without underlying connective tissue diseases, and pSS is usually diagnosed between the ages of 40 and 60 years. Systemic involvement and extra-glandular manifestations are common in patients with pSS, and a wide range of central nervous system and neurologic complications have been reported, including cognitive dysfunction and dementia. [1] [2] [3] [4] Neurological involvement has been reported to range from 0% to 70%, and may present as central nervous system and/or peripheral nervous system involvement. 5 Neurological manifestations have been This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
linked with greater pSS activity. 6 Cognitive deficits including mood disorder, and both cognitive and affective disorders can also result from immune-mediated brain dysfunction. 7 While psychological distress is frequent in patients with pSS, cognitive dysfunction is a commonly following symptom. 7 Dementia is a neurological disease characterized by persistent intellectual deterioration that interferes with social and occupational functions, and it is a serious public health issue. Dementia is diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR). 4 One previous study evaluated magnetic resonance imaging (MRI) and cognitive functioning in 15 patients with pSS, and the result revealed a larger ventricular volume than in control subjects with migraine. In addition, the severity of hyper-intensities and ventricular volume were related to several cognitive and psychiatric variables. 8 Another study reported that 15 of the 25 patients with pSS had cognitive impairment and five patients had dementia, and they suggested that the general practitioners and specialist should be informed about the potential for dementia in patients with pSS. 4 Vascular brain involvement is considered to be the most likely cause of dementia development in patient with pSS. 4 Hypothesis of pSS predisposing patients to the development of dementia is proposed. However, a link between pSS and dementia has not been fully confirmed due to an insufficient numbers of patients with dementia in study populations, short follow-up periods, and also a lack of assessment of covariates influencing the risks of dementia. Therefore, the aim of this study was to study the risk of dementia by analyzing a large population-based database to compare patients with pSS compared to the age-and sex-matched controls without pSS selected from the general Taiwanese population.
Methods

Data sources
We used claims data from the Bureau of National Health Insurance (NHI) of Taiwan from 2000 to 2014 for analysis, and this retrospective case-matched cohort study used clinical data from the National Health Insurance Research Database (NHIRD) which is maintained by the Department of Health and National Health Research Institute of Taiwan. Enrollment in the NHI program, a high-performing single-payer national health insurance system, is mandatory in Taiwan. 9 This study was approved by the Institutional Review Board of Taipei Medical University Hospital (approval number of N201509007). The NHIRD contains electronic and personal information of all patients enrolled in the NHI program, and all data are encrypted to protect privacy. As the datasets used in this study was comprised of de-identified secondary data for research purposes, patient consent was not required for this study. We used a frequency matching method to control the interference due to confounding factors in our study. In this frequency matching, we had used three matching variables -gender, age group, and comorbidities. This matching method requests the proportion of each matching variable in a comparison group similar to that in the pSS group. Therefore, in our matching process, we had found randomly target observations in a comparison group that was based on the proportion of each matching variable in the pSS group. Then 4:1 were being chosen randomly in comparison group and pSS group by matching variables with similarly frequencies. For each pSS patient, four non-pSS patients were randomly selected from the same study period according to the same exclusion criteria and were frequency-matched with the pSS patients according to age and sex to construct the non-pSS cohort, which comprised 68,270 patients. A total of 17,072 patients with pSS and 68,270 matched controls were selected from the NHIRD database from 2000 to 2014. The flowchart of study population selection is also shown in Figure 1 . The baseline characteristics and follow-up status of both cohorts after propensity score matching were shown in Table 1 .
Criteria for patient selection
We used the registry of catastrophic illnesses to identify patients in the NHIRD diagnosed with Sjogren's syndrome according to an International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM) diagnosis code of 710.2 from 2000 to 2014. Patients diagnosed with pSS were identified in the catastrophic illness registry in the NHIRD. Patients with a catastrophic illness certificate are exempted from the copayments in the NHI program. To obtain a catastrophic illness certificate for pSS, patients are required to meet the criteria of the American-European Consensus Group for pSS, and are reviewed by a committee. 10 In addition, we excluded pSS patients with other autoimmune diseases including systemic lupus erythe- , and ankylosing spondylitis (ICD-9-CM: 720) were also excluded. Patients younger than 18 years of age, and those with a history of dementia or Parkinson's disease identified before the enrollment date were also excluded. A total of 17,072 patients with pSS and 68,270 (a ratio of 1: 4) matched controls were recruited in this study.
Outcomes and relevant variables
The primary outcome was newly diagnosed dementia. Every patient was followed until a first diagnosis of any type of dementia made by neurologists in two outpatient visits or one hospital admission record. The types of dementia included Alzheimer's disease (ICD-9-CM: 331.0), arteriosclerotic dementia (ICD-9-CM: 290.4), and unspecified dementia (ICD-9-CM: 290.0-290.3, 294.1, 331.1-331.2, and 331.82). A patient was defined as being lost to followup on death, withdrawal from the NHI program, or the end of 2014. In addition, major comorbidities such as diabetes (ICD-9-CM 250), hyperlipidemia (ICD-9-CM 272), hypertension (ICD-9-CM 401-405), heart failure (ICD-9-CM 428, I50.2, I50.3), cardiovascular disease (ICD-9-CM codes 393-398, 410-414, 420-429, 440-449, 451-459), stroke (ICD-9-CM 430-438), major psychosis or a substance-related disorder (ICD-9-CM codes 291-299, 303-305), and traumatic brain injury (ICD-9 CM codes 801-804, 850-854) were considered to be covariates in this study. Smoking and education were significant covariates, but not included in the analyses, because they were not available in the NHIRD database. The risk of more specific dementia clinical diagnosis like frontotemporal dementia or Alzheimer disease in patients with pSS were not included in this analyses, because they were not available in the NHIRD database using ICD-9-CM.
Statistical analysis
Baseline of characteristic in this cohort study included age, sex, and certain comorbidities. The baseline characteristics were matched between the pSS and non-pSS comparison groups using the chi-squared test for categorical variables, and a t-test for continuous variables. The incidence rates of dementia were estimated during the follow-up period in both cohorts. We used a multiple Cox proportional hazards model to explore the associations and estimate the corresponding hazard ratios (HRs) and 95% confidence intervals (CIs). The HRs were adjusted for sex, age, and comorbidities in the Cox regression model, and the adjusted HRs (aHRs) were presented after adjusting for covariates. Patient data were stratified by age, gender and with, or without other comorbidities, and then the incidence rates, incidence rate ratios (IRRs) and HRs of dementia in both cohorts were analyzed. These groups had a separate analysis where they were appropriately propensity matched. We then plotted the results in cumulative incidence plots using the KaplanMeier method, and the log-rank test to examine the differences. SAS software (version 9.4, SAS Institute, Cary, NC, USA) was used for all data analyses, and a P < 0.05 was considered to be statistically significant.
Results
Demographic data and the flow chart of study population selection Table 1 shows the baseline characteristics of both cohorts. The study population was predominantly female (89%), and the average ages of the patients with pSS and controls were 54.20 and 54.02 years, respectively. There were no significant differences between the two matched groups in sex, age and comorbidities including diabetes, hyperlipidemia, hypertension, heart failure, cardiovascular disease, stroke, major psychosis or a substance-related disorder, and traumatic brain injury in the pSS and the non-pSS groups. The pSS group had a significantly higher incidence of dementia development than the matched reference subjects during the observation period (2.95% vs. 2.15%, P < 0.0001). Table 2 shows the risk of dementia and comorbidities according to the Cox proportional hazard regression model. The overall HR for dementia during the study (Table 2 ).
Risk of dementia associated with pSS and other comorbidities
Increased incidence rate and incidence rate ratio of dementia in the patients with pSS Table 3 shows the incidence rates (IR), incidence rate ratio (IRR) and aHR of dementia during the follow-up period. Comparing the pSS cohort and non-pSS cohort (as reference), a higher IRR and aHR of dementia were found in pSS cohort (IRR: 1.37, 95% CI 1.24-1.52 and aHR: 1.25, 95% CI 1.12-1.38, respectively) was found. When stratified by sex, age, and comorbidities, the patients with pSS less than 60 years (IRR 1.87, 95% CI 1.30-2.67; aHR 1.67, 95% CI 1.16-2.41), and without comorbidities (IRR 2.36, 95% CI 1.85-3.02; aHR 2.27, 95% CI 1.76-2.93) were particularly associated with a higher risk of dementia.
pSS was an independent risk factor for the development of dementia Table 4 shows the aHR in the non-pSS and pSS groups, and groups with or without comorbidities during the study period. A potential independent effect of pSS affecting the development of dementia was assessed. The matched reference subjects with any comorbidity associated with the development of dementia (including diabetes, hyperlipidemia, hypetension, heart failure, cardiovascular disease, stroke, traumatic brain injury, psychosis and a substance-related disorder) had a higher risk of dementia (aHR: 3.502, 95% CI 2.966-4.135) compared to those without any comorbidity. Moreover, the patients with pSS had a higher risk of dementia (aHR: 2.357, 95% ※ IRR, incidence rate ratio. *P value for HR <0.05, **P value for HR <0.01, ***P value for HR <0.001. CI 1.834-3.028) as those with any comorbidities associated with the development of dementia. Furthermore, the patients with pSS combined with any other comorbidity had an additionally higher risk of dementia (aHR: 3.978, 95% CI 3.309-4.782), also suggesting that pSS was an independent risk factor for the development of dementia. Figure 2 shows the cumulative incidence of dementia for the pSS and non-pSS matched reference groups, compared generally ( Fig. 2A) , and between different age subgroups ( Fig. 2B-E) . Overall, the pSS patients had poorer consequences from developing dementia than the matched reference subjects (log-rank test, P < 0.001, Fig. 2A ), which was also seen in different age subgroups (log-rank test, P < 0.01, Fig. 2B and D) .
Discussion
To the best of our knowledge, this is the first large-scale population-based study to assess the association between pSS and dementia. This association has been suggested in a previous study involving 25 patients with pSS, 4 and a brain magnetic resonance imaging study including a few patients with pSS. 8 Our findings in this retrospective study confirm and extend the findings of an independent risk of dementia in the patients with pSS (n = 17,072) relative to the reference-matched subjects (n = 68,270). In our study, patients with pSS were selected from the NHIRD catastrophic illness card (CIC) registry from 2000 to 2014, and excluding patients with conditions such as systemic lupus erythematosus, rheumatoid arthritis and sarcoidosis, anti-phospholipid syndrome, hepatitis C, lymphoma, radiation therapy mucositis, ankylosing spondylitis, diagnosed as dementia before Index day or 90 days after index day, unknown gender or birthday and aged less than 18 years old. Therefore, the prevalence and incidence in this study was lower than the overall SS prevalence/incidence from other epidemiologic studies.
The overall IR, IRR, and aHR were significantly higher in the patients with pSS than in the referencematched subjects. Younger patients with pSS (less than 60 years old) were especially associated with a higher risk of dementia. After multivariate adjustments, the hazard of developing dementia was still greater in the pSS than in the non-pSS group. Furthermore, the patients with pSS combined with any other comorbidity had an additionally higher risk of dementia than those without any comorbidity. Taken together, the results suggest that pSS is an independent risk factor for dementia. Potential theories of the mechanism by which pSS may increase the risk of dementia include vascular damage such as vasculitis, autoantibodies and immune complex deposition, occlusion of vessels, and cellular inflammation leading to neuro-destructive effects resulting in reduction of cognitive reserve and initiation of incipient dementia as a neurodegenerative process. 5 However, further basic and translational research is required to elucidate the precise pathophysiological mechanism.
National databases of health administration registries allow for epidemiological research due to the large cohort size and long-term follow-up period. The validity of this study is strengthened by the stringent design and careful ICD-9-CM coding. Hence, we used NHIRD catastrophic illness registry data, in which patients are exempted from copayments of all medical costs in the NHI system, and in which confirmation of pSS disease requires a committee peer-review of the fulfillment of the AECG criteria for pSS. In addition, we also excluded patients with other autoimmune diseases. Thus, we believe our cohort study is highly accurate and dependable. However, there are still limitations in this study, including the lack of data on clinical parameters such as disease severity, laboratory data including autoantibodies, body mass index, smoking exposure, intelligence, education level and whether major psychosis and substance disorder are primary or secondary to a dementia syndrome, which are not recorded in the NHIRD, all of which have also been associated with pSS and dementia. Another limitation of this study was that we did not evaluate sleep-disordered breathing (SDB) as a risk factor for dementia, and patients with pSS may have SDB more frequently than normal people. Another potential limitation may arise due to the likely differences in the clinical evaluation frequency, which may lead to bias in the analysis, as the diagnosis of dementia could be identified earlier in patients with pSS due to more frequent clinical evaluations including cognitive testing. In addition, the interpretation of our results is limited to pSS, because this study did not include patients with secondary Sjogen's syndrome).
Our results highlight the greater risk of dementia in the younger patients with pSS, and especially those without comorbidities. Alzheimer's disease, vascular disease, frontotemporal lobar degeneration, and dementia with Lewy bodies are the most common diseases that cause dementia. A clinical concept of "dementia plus syndromes" has recently been proposed, in which the dementia syndromes involving cognitive impairment are accompanied by additional neurological or systemic features, and the pattern of cognitive impairment can be relatively specific to the underlying molecular pathology. 11 Cognitive manifestations have been frequently observed in patients with pSS, [1] [2] [3] [4] 8 and several studies have suggested that the diagnosis of pSS should be considered in patients with unexplained neuro-psychiatric illnesses, and memory or executive dysfunctions detected on neuropsychological tests. 2, 12 One study used brain functional SPECT imaging to evaluate 10 patients with pSS and abnormalities were found in 100% of the patients with pSS, and in 20% of the age-and sex-matched controls. 13 The burden of young-onset dementia (with onset before 65 years of age) have been reported to be higher than in late-onset dementia, 11 and more importantly, many of the cases of young-onset dementias may be treatable based on specific treatment of the underlying conditions. 11 Sjogren's syndrome occurs worldwide without notable regional differences and the annual incidence of pSS ranges from 5.3 to 6.0 patients per 100,000 inhabitants. 10, 14 In Taiwan, the estimated mean annual incidence of pSS was 6.0 patients per 100,000 inhabitants (95% CI 5.8-6.2), and the incidence has been shown to increase with age, peaking at 55-64 years of age in women and 65-74 years in men. 10 Given the number of patients who do not seek medical attention, underestimation of the actual prevalence of pSS is likely. Because pSS is a common autoimmune disease, thus, even a small increase in the risk of dementia in young patients with pSS could have significant implications on public health. Therefore, we emphasize the need to consider the possibility of pSS as a differential diagnosis, with a clinical approach to young-onset dementia, and the potential benefits of early treatment with immunomodulatory or immunosuppressive drugs.
In conclusion, our results disclosed that the patients with pSS had a higher risk of dementia. Sjogren's syndrome should be considered as the underlying disease in patients with young-onset dementia, and especially in those without any preceding comorbidities. Rheumatologists, neurologists and general practitioners should be aware about the risk of dementia due to pSS.
